OBJECTIVES: Eosinophilic esophagitis (EoE) is a chronic inflammatory condition that causes esophageal remodeling and stricture formation. We compared the clinical course of symptoms, endoscopic findings, histology, and changes in phenotype over time in EoE patients with inflammatory and fibrostenotic phenotypes. METHODS: Data were obtained from EoE patients from three medical centers and followed prospectively. Endoscopic features and histology from index and follow-up endoscopies were recorded. Behavior was classified as inflammatory if endoscopic findings demonstrated furrows or white plaques and as fibrostenotic if endoscopic findings included fixed rings or strictures. RESULTS: Two hundred and fifty-six EoE patients were included in the analysis. The mean age was 32 ± 18 years, 25% of patients were o18 years, 89% of patients were Caucasians, and 74% of patients were male. The mean duration of symptoms before diagnosis was 6.8 ± 7.2 years with a
INTRODUCTION
Eosinophilic esophagitis (EoE) is an increasingly recognized, immune-mediated chronic disease. Allergies trigger a proinflammatory cytokine cascade, which leads to eosinophil recruitment into the esophagus. 1 Management is aimed at reducing allergen exposure and using anti-inflammatory medications, especially topical corticosteroids, to reduce the burden of inflammation. 2 Many EoE patients have symptoms for years before seeking evaluation. This prolonged period of uncontrolled inflammation leads to esophageal remodeling and development of fibrostenosis. 3, 4 The clinical presentation and endoscopic features of EoE differ between children and adults. 2 In children, EoE typically presents with reflux-like symptoms, failure to thrive, abdominal pain, nausea, and early satiety. Although dysphagia and food impactions may occur, these symptoms are much less common in children. 5 Endoscopic features include longitudinal furrows, white plaques, and loss of vascularity, whereas stricture formation is uncommon. 5 In contrast, adults with EoE primarily complain of dysphagia and up to 55% of patients present with food impaction. 6, 7 These symptoms can be a consequence of either stricture formation or a reduction in esophageal compliance. 3, 8 On endoscopy, adults may display furrows, white plaques, fragile mucosa, and strictures. Concentric rings are the most common endoscopic finding and are described as felinization (faint rings that disappear with insufflation) or trachealization (rigid and fixed fibrotic rings that can cause a narrowing of the lumen). 9, 10 These observations suggest that different phenotypes exist between children and adults with EoE. Common pediatric symptoms appear related to ongoing esophageal inflammation, and common adult symptoms appear to be secondary to fibrosis or stenosis. Furthermore, esophageal dilation is much less commonly performed in children with EoE than adults. 11 Although fibrostenosis is uncommon in children, both phenotypes are frequently noted in adults. 4, 12 A study of the Swiss EoE registry demonstrated that the duration of symptoms before diagnosis was the only factor that predicted stricture formation, suggesting that untreated inflammation is a major determinant of symptom development. 4 A retrospective study analyzing the differences between EoE phenotypes in 379 patients showed that the likelihood of fibrostenotic disease increased with age, with twice the odds of fibrostenotic disease for every 10-year increase in age. 12 The aims of this study were to (1) compare symptoms, endoscopic findings, and histology of EoE patients with inflammatory and fibrostenotic phenotypes and (2) to examine changes in phenotype over time in a multicenter study.
METHODS
Patient population. The data for this study was extracted from ongoing prospective registries of three medical centers (Walter Reed National Military Medical Center, Bethesda, MD, Mayo Clinic, Jacksonville, FL, and Icahn School of Medicine at Mount Sinai, New York, NY). EoE patients were prospectively recruited and enrolled into their institutions' respective clinical databases. All three registries include clinical, endoscopic, and histologic data on patients followed longitudinally. The inclusion criteria consisted of EoE patients in each respective registry who had more than one follow-up visit and repeat endoscopy with esophageal biopsies. The index endoscopy was at diagnosis for all patients. EoE patients with only one endoscopy were excluded. All EoE patients were diagnosed per recent consensus guidelines: clinical symptoms of esophageal dysfunction and histopathology demonstrating at least 15 eosinophils per high-powered field (eos/hpf) in at least one biopsy. 5 In all cases, diagnosis was established when dense eosinophilia persisted after at least an 8-week trial of proton pump inhibitors (PPI). There were no patients on EoE-specific treatment at the time of diagnosis. Informed consent and assent, when applicable, was obtained from patients or their families for having their data collected. This study was approved by the institutional review boards of each institution.
Data collection for clinical symptoms, endoscopic features, and histology. Endoscopic findings, histologic features, and duration of disease before diagnosis were collected at index and at each subsequent clinic visit. Data were collected on all follow-ups while patients were on the same therapy. Patients completed symptom surveys assessing change in predominant symptoms (e.g. dysphagia in adults) described as "improved," "worse," or "remained the same" compared with their previous visit. For the analysis of symptom improvement over time, all endoscopies were performed while patients were on treatment. During upper endoscopy, a minimum of eight biopsies were taken, four from the mid-proximal esophagus (10-15 cm above the gastroesophageal junction) and four from the distal esophagus (3-5 cm above the gastroesophageal junction) to improve diagnostic accuracy. 13 Five endoscopic features were recorded during the procedure to include concentric rings, longitudinal furrows, white plaques/exudates, edema, and strictures. Endoscopic features were assessed based on the recently validated Endoscopic Reference Score (EREFS) classification, which was developed to ensure good interobserver agreement.
14 In this classification, the five endoscopic findings were scored (edema: 0-1; rings: 0-3; exudates: 0-1; furrows: 0-2; strictures: 0-3) and a summative EREFS score ranging from 0 to 10 was then calculated for each patient before and after treatment. Concentric rings were classified as felinization if the rings were faint or disappeared with air insufflation (EREFS grade 1) and trachealization if the rings were fixed and did not disappear with insufflation (EREFS grade 2 or 3). Dilation was performed with bougie-type dilators (Savary or Maloney) or through-the-scope balloons at the discretion of the endoscopist. All tissue was fixed in formalin and embedded in paraffin for histological examination. Esophageal biopsy slides from index and follow-up endoscopies were read by gastrointestinal pathologists at each institution and were then graded from 1 to 3 depending on the maximum peak eosinophil count (1 = ≤ 5 eos/hpf, 2 = 6-14 eos/hpf, 3 = ≥ 15 eos/hpf). Response to treatment was defined as achieving ≤ 5 eos/hpf on follow-up endoscopy after medical treatment.
Classification of disease behavior. Disease behavior was classified endoscopically. At index endoscopy, phenotype was classified as inflammatory if findings were limited to longitudinal furrows, white plaques, or felinization (rings were faint or disappeared with insufflation) and as fibrostenotic if findings included trachealization or any type of esophageal stricture (diffuse narrowing or dominant stricture). Those with mixed features of inflammatory and fibrostenotic phenotypes were classified as fibrostenotic phenotype. Change in behavior from index to last follow-up was classified into 1 of 5 categories based on endoscopic findings and histology after repeat endoscopy: remission of inflammatory (based on achieving ≤ 5 eos/hpf), remained inflammatory (≥15 eos/hpf), remained fibrostenotic (persistence of strictures or fixed rings and continued to have ≥ 15 eos/hpf), progressed from inflammatory to fibrostenosis (developed new fixed rings or strictures and had ≥ 15 eos/hpf), or had regression of fibrostenosis (based on regression of fixed rings/strictures and ≤ 5 eos/hpf). Medical treatment consisted of continuation of PPI, topical steroids (aerosolized swallowed fluticasone or oral viscous budesonide with dosage based on patient age), or specialized diets (empiric elimination, or allergy-testing directed). Endoscopic treatment consisted of dilation with size and type based on the discretion of the endoscopist.
Statistical analysis. Patients with inflammatory disease were compared against those with fibrostenotic disease by examining presenting symptoms, clinical history, and grade of eosinophilia in the proximal and distal esophagus collected at the time of index visit. Changes in phenotype and histology were based on comparing data from the final follow-up visit to index visit. Symptom improvement over time was based on the final follow-up visit assessment. Data were collated and analyzed using statistical software package IBM SPSS Statistics 21.0 (IBM, Armonk, NY, USA). Demographic and clinical characteristics of the study cohort were presented descriptively using means and standard deviations for continuous variables and counts with proportions for categorical variables. Fisher's exact test and χ 2 test were used for statistical analysis between group comparisons of categorical data. Independent-sample t-test and one-way analysis of variance were used for comparisons of continuous data. Levene's test was used to assess equality of variances among groups. Bonferroni or Tamhane's T2 were used for post hoc pairwise comparisons. Logistic regression was used to identify patients who were likely to report symptom improvement vs. patients who had no change or worsened symptoms on last follow-up visit. Logistic regression was also used to identify baseline characteristics that may predict resolution of the inflammatory phenotype of EoE. A probability value of o0.05 was considered statistically significant.
RESULTS
Characteristics of study cohort. A total of 256 EoE patients from three institutions (Walter Reed: n = 83; Mount Sinai: n = 91; Mayo Clinic: n = 82) were identified and included in the analysis. The mean follow-up time was 1.7 ± 1.9 years, with a maximum follow-up of 12 years (Table 1) .
Among the study cohort, 64 (25%) were pediatric (age o18 years) and 191 (75%) were adults. Pediatric patients were more likely to present with inflammatory than fibrostenotic disease when compared with adults (84% vs. 33%, Po0.001). Adults had a longer duration of symptoms before diagnosis than pediatric patients (8.0 ± 7.8 vs. 3.5 ± 3.2 years, Po0.001). Medical treatment of EoE included PPI alone in 14% of the cohort, topical steroids in 65%, of which 43% were intermittently dosed and 22% were on continuous steroids, and 21% were managed with diet (dietary restriction followed by sequential food challenges if restriction was effective). The majority of pediatric patients (58%) were treated with diet, whereas the majority of adults (73%) were treated with topical steroids.
Endoscopic features using EREFS classification.
Changes in endoscopic features as assessed by the EREFS score revealed a significant decrease in score from index to follow-up (2.4 ± 1.3 vs. 1.4 ± 1.3, Po0.001). This decrease was also significant when stratified by age group and institution. Patients treated with continuous steroids or diet had a greater decrease in EREFS score compared with patients treated with PPI only or intermittent steroids (−1.3 ± 1.7, − 1.3 ± 1.7, − 0.4 ± 1.6, − 0.7 ± 1.4, respectively, P = 0.004).
Dilation and EoE. Of the 256 patients, 70 (27%) underwent dilation. EoE patients with fibrostenotic disease were more likely to undergo dilation than those with inflammatory disease (44% vs. 9%, Po0.001). On assessment at last follow-up, patients who were dilated had similar rates of overall symptom improvement compared with those who were not dilated (51% vs. 56%, P = 0.735).
Comparisons of inflammatory to fibrostenosis phenotypes. Patients with inflammatory disease presented at a younger age than those with fibrostenotic disease (24 ± 19 vs. 39 ± 15 years old, Po0.001). Duration of symptoms before diagnosis was greater in patients with fibrostenotic than inflammatory phenotype (8.1 ± 7.7 vs. 5.3 ± 6.3 years, P = 0.002). Patients with fibrostenotic disease were more likely to present with dysphagia (92% vs. 67%, Po0.001) and food impactions (46% vs. 30%, P = 0.010). Patients with inflammatory disease were more likely than those with fibrostenosis to have coexisting atopic conditions (Table 2) .
When stratified by age category, a greater proportion of pediatric patients with fibrostenotic compared with inflammatory EoE presented with food impaction (80% vs. 19%, Po0.001). In adults, dysphagia was more prevalent in fibrostenotic vs. inflammatory disease (94% vs. 84%, P = 0.037), whereas in pediatric patients, dysphagia was similar (70% vs. 48%, P = 0.305). Within the pediatric cohort, patients with fibrostenosis were significantly older than those with inflammatory EoE (11 ± 4 vs. 8 ± 5 years, P = 0.046). In adults, age was similar between the two phenotypes (41 ± 14 vs. 38 ± 15 years, P = 0.179).
We also performed a subgroup analysis after categorizing patients with fibrostenotic features into two groups, those with only fibrostenotic features and those with mixed phenotype (inflammatory and fibrostenosis). We found that patients with exclusive fibrostenotic features compared with those with mixed features were similar in dysphagia (93% vs. 92%, P = 1.000), food impaction (41% vs. 50%, P = 0.359), rate of dilation (48% vs. 41%, P = 0.576), treatment with steroids (88% vs. 73%, P = 0.075), treatment with diet (0.0% vs. 9.3%, P = 0.057), grade of proximal eosinophilia (2.6 ± 0.79 vs. 2.7 ± 0.56, P = 0.269) and distal eosinophilia (2.9 ± 0.3 vs. 2.9 ± 041, P = 0.796). Patients with fibrostenosis alone compared with those with mixed features had a longer duration of symptoms (10.2 ± 8.8 vs. 7.2 ± 6.9, P = 0.038).
We also compared fibrostenotic and mixed phenotypes to inflammatory EoE (Supplementary Table 1 
online).
Phenotypic course of EoE. More than half of patients (56%) maintained their phenotype over the mean study follow-up time of 1.7 years. Of the cohort, 47 patients (18%) had remission of inflammatory EoE, 68 patients (27%) remained inflammatory, 74 patients (29%) remained fibrostenotic, 65 patients (25%) had regression of fibrostenosis, and 2 patients (1%) progressed from inflammatory to fibrostenotic. Patients who had resolution of inflammatory phenotype or remained inflammatory were more commonly treated with topical steroids compared with the other groups, Po0.001 (Table 3 ). The two patients who progressed to fibrostenosis by developing strictures or fixed rings were young adults who did not follow their prescribed dietary restriction therapy. Patients who remained fibrostenotic or had regression of fibrostenosis were significantly older than the other patient categories (Table 3 ) (Po0.001). Duration of symptoms was significantly different between groups with patients having persistent fibrostenosis or regression of fibrostenosis having the longest duration (P = 0.013). Follow-up time was similar across all categories (P = 0.672). No patients developed esophageal malignancies or other gastrointestinal conditions over the duration of study with a maximum follow-up of 12 years. Logistic regression did not identify any baseline characteristics that would predict remission of EoE.
Histopathology and EoE phenotypes. There was no significant difference between inflammatory and fibrostenotic disease in proximal (82% vs. 79%, P = 0.769) or distal (89% vs. 88%, P = 0.359) grade 3 eosinophilia (415 eos/hpf) at index endoscopy. Among those with fibrostenosis at index, more patients who remained fibrostenosis compared with those who had regression of fibrosis had grade 3 eosinophilia in the proximal (62% vs. 31%, P = 0.005) and distal (65% vs. 38%, P = 0.003) esophagus. Patients who had regression from their fibrostenosis were more likely to have a decrease in proximal (54% vs. 32%, Po0.001) and distal (70% vs. 38%, Po0.001) eosinophilia. On follow-up, 46% of patients with inflammatory EoE compared with 28% of patients with fibrostenosis had response to medical treatment (≤5 eos/hpf, Po0.008). Among patients treated with steroids, 40% had treatment response and among patients treated with diet, response was 42% (P = 0.872).
Clinical symptoms over time. During follow-up assessment, a similar proportion of patients who presented with fibrostenotic and inflammatory EoE reported improvement in symptoms (69% vs. 60%, P = 0.256). Symptom improvement was similar among patients treated with PPI only, steroids, or diet (58%, 62%, 76%, P = 0.212). Dilation was more common in patients treated with PPI alone and topical steroids vs. patients treated with diet (27%, 35%, 2%, Po0.001).
DISCUSSION
In this multicenter study, EoE patients with inflammatory disease were younger and had a shorter duration of symptoms compared with those with fibrostenotic disease. Additionally, the majority of patients maintained their phenotype over a 1.7-year follow-up, and, more importantly, did not progress to fibrosis. This implies that either a longer duration of untreated disease is required for stricture formation, or that early medical intervention may delay progression to fibrostenosis. The majority of our patients who had fibrostenotic disease was older, had a longer duration of symptoms before diagnosis, and presented more frequently with dysphagia and food impactions. This supports recently published data demonstrating that continued untreated inflammation may lead to fibrosis and is associated with longer duration of symptoms. 4, 12 Furthermore, fibrostenotic disease was rare in children, likely due to their shorter duration of symptoms before diagnosis. This observation suggests that early recognition and treatment of EoE could affect the natural course of endoscopic findings and reduce stricture formation.
Progression from inflammatory to fibrostenotic disease was rare in our cohort and only noted in two young adults during the study follow-up period. This observation, along with the finding that regression of fibrostenotic disease was associated with a decrease in esophageal eosinophilia, suggests that early intervention in inflammatory EoE may delay or even prevent fibrostenosis, although studies with a longer duration of followup are needed to confirm this finding. A previous study demonstrated that overall esophageal diameter increased after only 6 weeks of topical steroids in a small number of EoE patients, 15 but it is unclear if such a short duration of treatment reversed fibrostenotic features or treated edematous changes. In another study of 26 children with EoE, both topical steroids and dietary restriction reversed esophageal fibrosis after 8 weeks of treatment. 16 In addition to inflammatory and fibrostenosis, previous studies have described a third EoE phenotype. This third phenotype included patients with mixed features of fixed rings or strictures and white plaques or furrows. 4, 12 In our study, we chose to limit our phenotypes to only inflammatory and fibrostenosis, similar to the manner in which Crohn's disease, another chronic immune-mediated condition, is characterized. 17 We performed a subgroup analysis comparing fibrostenotic patients to a mixed phenotype (inflammatory and fibrostenosis), and found no significant clinical or histologic difference between the two; however, there was a significantly longer duration of symptoms in the fibrostenosis group. There are two small studies, to date, which have demonstrated reversal in esophageal remodeling and fibrosis with treatment in EoE children, 16 ,18 yet in a study examining the effects of topical steroids on collagen deposition in adult EoE patients, a significant reduction in collagen was not observed. 19 Approximately half of the patients with EoE in our study achieved histologic response to either topical steroids or dietary treatment. One important factor to be considered is the definition of therapeutic response. In our study, we used stringent criteria of achieving (≤5 eos/hpf). Although our study was not controlled, our results are consistent with data from clinical trials where response to swallowed fluticasone has ranged from 50 to 62%. [20] [21] [22] Response to budesonide is more variable in clinical trials (64-94%) and is dependent on several factors to include delivery mode (nebulizer vs. swallowed viscous), outcomes measured, dosage of drug, and duration of treatment. [23] [24] [25] [26] A recent study found response to budesonide to be 50% when using a compound symptomatic and histologic primary end point. 27 Histologic response to specialized diets ranges from nearly 50% for allergy-testingdirected elimination diet and~70% for empiric food elimination diets. 28 No studies to date have examined the role of combination steroid and diet treatment for the management of EoE. In our multicenter study, we examined characteristics associated with different EoE phenotypes and prospectively assessed endoscopic findings and clinical symptoms in each patient. Similar to other studies, our data confirm that the longitudinal history of EoE is benign. [29] [30] [31] Regardless of phenotype, our EoE patients had favorable clinical outcomes with medical or dietary treatment and none developed malignancy. This may be related to a better understanding in the pathogenesis and treatments of EoE during the past decade. 32 Controlled studies have reported histologic remission with the use of higher doses of topical steroids or dietary intervention. 21, [33] [34] [35] Furthermore, esophageal dilation has been reported to be a safe and effective therapy in EoE, particularly in patients who have fixed rings or strictures, but is unlikely to have an impact on the inflammatory process. 36 Our study has several strengths. First, it included a large cohort of pediatric and adult EoE patients from three referral institutions and no heterogeneity was observed among study sites. Second, all EoE patients were followed longitudinally and data points were collected prospectively, eliminating recall bias. Third, all three centers maintained a comprehensive registry in which EoE patients were followed closely and data points were uniformly collected. There are some limitations to our study. Our cohort had a short follow-up period; however, our study was performed in an effort to gain preliminary insight into the longitudinal course of EoE. Symptom assessment was performed using surveys that assessed symptoms over a short period of time. These were not validated for EoE and therefore were only used to assess relative symptom improvement. Additionally, symptoms in EoE may be intermittent and the intensity may fluctuate over time. The intent of this simple survey was to assess the patient's general symptom status at follow-up. Treatment trials were not controlled and there may have been limited information regarding the number and types of treatments patients received over time. We did not assess adherence to treatment, which may have affected our treatment outcomes. Finally, it is important to note that the results of this study represent the experience from three tertiary medical centers where EoE patients are aggressively followed and treated and this may not represent that of general community practices.
EoE is a condition with a wide range of clinical presentations, depending on age of diagnosis and duration of symptoms. Our study findings reveal that inflammatory and fibrostenotic patients have different clinical and endoscopic characteristics. In addition, only two patients progressed from inflammatory to fibrostenosis with the majority of EoE patients either maintaining their phenotype or demonstrated regression. Therefore, early therapeutic strategies aimed at controlling inflammation may interrupt or prevent remodeling fibrosis in EoE. Further long-term longitudinal studies are needed to amplify the findings of this study.
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Study Highlights
WHAT IS CURRENT KNOWLEDGE ✓ The clinical presentation and endoscopic features of EoE differ between children and adults.
✓ EoE appear to be a progressive disease from inflammatory to fibrostenotic disease. ✓ The duration of symptoms before diagnosis predicts stricture formation and the likelihood of fibrostenotic disease increases with age.
WHAT IS NEW HERE
✓ The majority of EoE patients either maintain their phenotype or demonstrate regression with treatment, at least in the short term. ✓ Patients who had regression from their fibrostenosis were more likely to have a decrease in eosinophilia. ✓ Fibrostenotic and inflammatory EoE experience similar clinical improvement with treatment.
